Abstract. The curing processes of epoxy resin cured with curing agents containing aromatic ring were analyzed quantitatively with FT-IR. The internal standard and baseline correction were used to decrease the analysis error. Due to the existence of aromatic ring in curing agent, the effects of curing agent dosage on absorbance at 1607 cm -1 were tested to calibrate the standard working curves. The built standard equation was used to analyze the curing kinetic of epoxy resin. The results showed that the curing percentage increased with the incremental of amount of curing agents.
Introduction
Epoxy resin has excellent physical properties, insulation properties and bonding properties, which is widely used in various fields. The properties of epoxy resin coatings are dependent on the curing conditions. FT-IR technique is used generally to investigate the curing processes of epoxy resin [1] [2] [3] [4] , which can identify qualitatively the reaction group in curing reaction of epoxy resin.
Some documents reported the quantitative curing processes of epoxy resin cured by aliphatic amine curing agents [2] [3] [4] with FT-IR. However, no papers researched the epoxy curing kinetic with aromatic amine curing agents using FT-IR, because there were some aromatic ring in epoxy resin. In this paper, the curing processes of epoxy resin E-51 with aliphatic amine curing agents and aromatic amine were analyzed quantitatively using FT-IR on room temperature. In order to reduce the error of aromatic ring, internal standard and baseline correction were applied to build the standard working curves.
Experimental
Materials and Instruments. The chemicals included epoxy resin E-51 (epoxide number is 0.51), Curing agent polyamide 650, Curing agent T-31, and Curing agent tetraethylenepentamine (TEPA), which were industrial reagents. The structures of three curing agents were shown in Fig.1 and their physicochemical properties were shown in Table 1 . Solvent 1,4-dioxane was an analytical reagent. Infrared spectroscopy (Nicolet FT-IR 300) was from Thermo Fisher Scientific.
Curing process of epoxy resin. 4.00 g E-51 and 16.00 g 1,4-dioxane were mixed and stirred at room temperature until a transparent solution was formed. The curing agent was then added and stirred for another 2 hours. After removing the air bubbles, the mixture solution containing 0.38 g E-51 was poured into a level culture dish with diameter of 6 cm, which bottom was covered with a clean PE film (thickness 0.1 mm). After a determined curing time at room temperature, the coating Curing agent -Polyamide 650
Fig.1 Structures of three curing agents
Test method. PE film was adhered on the bottom of the coating samples. The absorbance of PE film could affect the accuracy. Therefore, the FT-IR spectrum of PE film was measured and the values were subtracted as the baseline.
In the IR spectrum of epoxy resin, the peak at 914 cm -1 was characteristic absorption of epoxy groups and the strength decreased as the curing reaction proceeded. The characteristic absorption peak of benzene ring located at 1607 cm -1 and kept stable in curing process if the curing agent had no aromatic ring. In order to quantitatively analyze the curing extent of epoxy resin by IR, the internal standard method was taken in this research [5] . Internal standard was the characteristic absorption peak of benzene ring in at 1607 cm -1 . Thus, the ratio of absorbance values at 914 cm 
The curing degree of the epoxy resin could also be expressed as the changes of concentration of epoxy group. Therefore, α could also be calculated by the Eq. (2) [2] [3] 6] :
Wherein (A 914 /A 1607 ) 0 was the absorption ratio at the beginning of curing and (A 914 /A 1607 ) t was the absorption ratio at curing time t. The value C is the concentration of epoxy resin. The subscripts 0 and t denote curing reaction time at zero and t, respectively.
Results and discussion
Standard working curves of the dosage of curing agents. As shown in Fig.1 , there was aromatic ring in the molecular of T-31 or polyamide 650. The absorption at 1607 cm -1 of the curing sample could increase with the incremental amount of curing agent. The strength at 914 cm -1 kept stable due to constant amount of epoxy at the first time. Therefore, the standard working curves of needed to be calibrated. By changing the dosages of curing agents, the standard working curves that the dosages of curing agent dependence of absorbance strengths at peak 1607 cm -1 were shown in The curing kinetics of epoxy resin. According to the standard curve, the curing kinetic could be calculated in different amount of curing agent. Fig.3 showed the calculated curing percentages of epoxy resin E-51. It could be found that α values increased with the prolongation of curing time and the incremental dosage of curing agents. The maximal curing percentages of epoxy E-51 were 98.32% for TEPA, 98.49% for T-31 and 96.98% for polyamide 650 in theoretical dosages, respectively. With increasing the amount of curing agents, the curing percentage increased. When the dosage was up to 180% of theoretical value for each of three curing agents, all three final α values were about 99.99%. suggesting that the curing reactions are all of first-order reaction [6] . The absolute values of slope of ln (1-α)-t linear equation were the reaction rate constants of the curing reactions of E-51, which were shown in Table 2 . From Table 2 , it could be seen that all the rate constants increased with increasing the amount of curing agents, which indicated the curing reactions could be finished in shorter time. One also found the reaction rate of T-31 was significantly higher than that of TEPA and polyamide 650. This could be explained the different structure of curing agent. 
Conclusions
When there were some aromatic ring in curing agent, the absorption of benzene could affect the analysis of curing process with FT-IR. In order to decrease the analysis error, several methods including the internal standard, baseline correction and dosage correction were tested. The standard equation was used to analyze the curing process of epoxy resin. The maximal curing percentages of epoxy E-51 were 98.32% for TEPA, 98.49% for T-31 and 96.98% for polyamide 650 in theoretical dosages, respectively. With increasing the amount of curing agents, the curing percentage increased. All curing reactions were all of first-order reaction. The reaction rate of T-31 was significantly higher than that of TEPA and polyamide 650.
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